Introduction
Since one of the causative agents of Legionnaires' disease, Legionella pneumophila, was isolated and identified over 14 years ago1,2), a large number of new species and serogroups of Legionella have been added to the genus Legionella and now at least 51 serogroups are listed representing 32 species3,4,5,6,7). As biochemical characteristics of each Legionella species are very similar8 9,10), serological identification has been widely used in clinical laboratories. Generally in undertaking serological examination, cross-reaction should always be taken into consideration. There were several reports of the cross-reaction among Legionella species11,12,13). Most cross-reactive antibodies can be removed by absorption with the appropriate heterologous strains. Another problem is antisera that appear to be specific when tested against currently known Legionella species, cross-reacting with antigens of species not yet discovered because of nonabsorption. We suppose that isolates identified previously as L. bozemanii by serological methods14) may have been misidentified, since antiserum to this species has numerous cross-reactions10,13). We have reexamined stock strains previously tested with reagents, using a commercially available DNA-DNA hybridization kit, followed by conventional laboratory examination, Oxidase test, long wave UV light DNA-DNA hybridization: Identification results for the six strains are shown in Figure 1 . When the DNA of the six strains which had previously been serologically identified as L. bozemanii were labeled, all strains hybridized most strongly to unlabeled DNA of L. anisa within 90 min. However they also showed cross-hybridization strongly to unlabeled DNAs from L. parisiensis, L. bozemanii and L. cherii, but estimated homology values were less than 70% of that for L. anisa. Thereby all strains were identified as L. anisa by DNA-DNA hybridization method. Three of the six strains had showed the second most intense fluorescence with the L. parisiensis, and of the remaining three strains, two with L. bozemanii, and one with L. cherii.
SAT: Three of the six strains agglutinated with commercially available antiserum for L. bozemanii (see Table 1 ). Hyperimmune rabbit antiserum for L. anisa prepared in our laboratory reacted with both L. anisa and L. bozemanii, but after the absorption, this antiserum reacted only with the homologous antigen. All of the six strains agglutinated with antiserum for L. anisa. The optimal dilution titer was 1:10. IFA: Using the hyperimmune rabbit antiserum specific for L. anisa described above, a strongly positive reaction with the L. anisa antigen was obtained and also a very weak reaction with L. bozemanii antigen was observed. Differentiation between L. bozemanii and L. anisa was possible down to 1024-fold dilution of the antiserum. Using commercially available antiserum specific for L . bozemanii also enabled clear differentiation between L. bozemanii and L. anisa down to 512-fold dilution.
Oxidase test: Two of the six strains showed oxidase positive, but the reactions were very weak and varied with the age of the culture.
Long wave UV light test: All the experimental strains showed the same blue-white fluorescence as L . anisa (ATCC 35292), but the intensity varied from strong to weak. During the growth period three of the six strains showed a yellow-green fluorescence after 10 days. Serological examination is thus widely used, with the advantages of speed and convenience, requiring no special equipments. But cross-reactions between serum and antigens of as yet undiscovered species cannot identification of L. anisa be ruled out. Newly isolated unidentified strains may then be mistakenly identified and stocked indefinitely as currently known strains, unless laboratories have the necessary techniques for DNA-level confirmation. Serum must be reexamined for cross-reactions with new species every time these are discovered, and the relatively successful technique of absorption for removing cross-reactive antibodies should be continued.
In this study we describe our own experience in testing the above hypothesis. Isolates identified serologically as L. bozemanii were subsequently found by DNA-DNA hybridization method to be L. anisa15,16), a species assigned to the genus Legionella after L. bozemanii. Strains had been stocked under the mistaken identification for a long time, since antisera to these species were cross-reactive, which was unknown at that time. The situation is the same today, this being an unavoidable limitation to serological examination.
Species were initially established on the basis of their DNA-DNA homology value, so DNA-DNA hybridization is the rational method for their identification. Ezaki reported on the use of fluorometric hybridization in microdilution wells to identify Legionella species without using radioisotopes17,18). We evaluated a commercially available DNA-DNA hybridization kit based on Ezaki's report, the specificity of which was found to be 100%. Members of the blue-white fluorescing Legionella species, such as L.
parisiensis, L. bozemanii, L. cherii, and L. gormanii, were known to have numerous serologic crossreactions within the group13), and they were highly cross hybridized with L. anisa in this study. This indicated a correlation between serological relatedness and genetic relatedness except in the case of L.
jordanis which is well known to have very low genetic relatedness to the other Legionella species but serological relatedness to L. bozemanii, and L. anisa10j. This correlation will produce significant savings of time and cost in finding cross-reactive serum for a new strain's antigen. In this kit the relative homology values of wells coated with DNAs of reference strains were calculated relative to the well which emitted maximum fluorescence, this being assigned the value 100%. This relative evaluation gives rise to a limitation of the process, this being that when a new strain is tested, it may well be misidentified in the following way: The strain in the test plate with the nearest homology value will be assigned the relative homology value 100%. The new strain will then be identified as this most similar strain unless a strain which emits a second fluorescence intensity is similar enough to give a tell-tale fluorescence intensity greater than 70% of the nearest strain. The absence of such a signal may be simply because a near enough strain does not exist, or because it is not coated on the test plate, i.e. it has not yet been isolated or is not yet available. To avoid this situation, we suggest that self-prepared unlabeled DNA of the strain to be tested might be included in the microplate, unfailingly giving an absolute intensity of 100%, a positive control with which one can compare the strongest homology value from the plate. If the strongest reaction gives a fluorescence intensity well below this control value, then identification is not possible from the isolated species, even though the remainder of the intensities fall below 70% of this maximum.
In this study we compared serological examinations using the IFA and SAT techniques. Commercially available antiserum specific for L. bozemanii gave a pseudopositive reaction with L. anisa by SAT but not by IFA test. There have been comparisons between the DFA test and SAT technique before19) but not to the author's knowledge between the far more specific yet practical IFA test technique and SAT. Our results suggested that in identifying Legionella the former was more effective than the latter. Vesey reported that the oxidase test was unreliable for Legionellas20). In our study the same result was obtained; the oxidase reaction was very weak and varied with the age of the culture. The proportion of species reported so far in Japan does not accurately reflect the distribution of Legionellae. This results from the selective manner in which isolates have been chosen for study. Our investigation using DNA-DNA hybridization and antisera resulted in the first identification of L. anisa, 
